A continuous ambulatory activity monitor allows objective measurement of the amount and intensity of physical activity. We examined the reliability and validity of this device in the assessment of seven aspects of function over a period of 24 hours in 20 patients who had undergone limb salvage or amputation for a tumour in the leg.
The incidence of survival after treatment of a malignant bone tumour in the leg is increasing. About 70% of such patients are treated by limb salvage and the remainder by amputation or rotationplasty. 1 The improved rate of survival and the differences between the various forms of surgery have made it necessary to assess the functional capacity and the quality of life of these patients. 2 Previous research regarding function in patients treated for a tumour in the leg has concentrated mainly on gait analysis and energy expenditure which cover only a small part of the functional outcome. 1 Questionnaires used to evaluate activities of daily living investigate the potential of performance rather than true function. An objective instrument which quanti es the total physical activity in a day could be of considerable value in comparing functional outcome after different surgical procedures. Continuous activity monitors are available, which have been used to record physical activity and to discriminate between different activities, such as sitting, standing and walking, and to quantify the intensity of movement during these activities in a number of disorders such as low back pain, congenital heart disease and rheumatoid arthritis. [3] [4] [5] We have investigated the reliability and validity of such a device in measuring the intensity of physical activity in patients who have undergone radical surgery for a malignant tumour in the femur or tibia.
Patients and Methods
Between January 1999 and February 2000 we studied 20 patients of whom 12 had been treated by limb-salvage surgery and eight who had had either an amputation or a rotationplasty, the amputation group. Table I gives the details of the patients. The median age of the total group was 49 years (18 to 69) and the median time from operation was two years (1 to 13). The local medical Ethics Committee approved the study and all patients gave written informed consent.
The patients were equally divided between the periods of 0 to 1 year, 1 to 2 years and more than two years after surgery. Only patients with a short travelling distance from home to the hospital were selected. Basic sociological details (age, gender, occupation, leisure activities and sports) and characteristics of the disease (diagnosis, type of tumour, type of surgery, date of surgery, use of walking aid) were recorded.
The inclusion criteria were: 1) age older than 16 years; 2) operated on between 1985 and 1999 for a malignant tumour in the distal femur or proximal tibia; 3) treated by limbsalvage surgery or an amputation; 4) not undergoing chemotherapy or radiotherapy at the time of the study; 5) able to understand the Dutch language; and 6) of suf cient physical and mental ability to participate in the study. Design of the study. The monitor was applied twice, with a period of one to two weeks between the assessments. The two days were representative of the patient's week and did not include Saturday or Sunday. The patient wore the monitor for at least 24 hours. If the journey home took more than an hour it was either worn for more than 25 hours or its use postponed until the next day. During the 24-hours the patient kept a detailed diary in order to check the data. Subsequently, a questionnaire recorded the experience of wearing the monitor. All other assessments were undertaken in the department of physiotherapy by two therapists (MSD and GJK).
We used the Dynaport ADL monitor (McRoberts BV, The Hague, The Netherlands). This lightweight recorder is worn around the waist and records the signals of three, onedimensional acceleration sensors. 6 Two of the sensors were placed in the recorder and one in an elastic strap on the left thigh. The signals of the three sensors were recorded for at least 24 hours, transferred to a desktop computer and analysed according to 42 parameters, which showed how often and how long different activities such as lying, sitting, standing, walking, climbing stairs, cycling etc were performed and also the intensity of the movements. The observations of seven functions were used in our study, namely the time spent walking, standing and sitting (as a percentage of 24 hours), the movement intensity during these three activities (m/s 2 ), and the sum of the movement intensities of the three activities. The Baecke Questionnaire 7 was also used to measure physical activity. It consists of three sections: work activity, sports activity and leisure. Each contains questions scored on a ve-point Likert scale, ranging from never to always, and each generates a subscore from 0 to 5, with higher scores indicating greater activity. The total Baecke score is a summation of the three subscores and the range of the total score is from 0 (inactive) to 15 (very active). The questionnaire proved to be reliable with a test-retest correlation of 0.77 to 0.93, and has been validated in a healthy population.
7-9
Functional outcome. We used the Musculoskeletal Tumor Society rating scales (MSTS of 1993) and the Toronto extremity salvage score (TESS), which measure the functional status of patients with a sarcoma in the leg. In the MSTS system, numerical values (0 to 5) are assigned to each of the six categories of pain, function, emotional acceptance, supports, walking and gait. They give a total score of between 0 and 30 with 0 indicating poor and 30 good. 10 Although the reliability, validity and responsiveness of the MSTS have not been established, its use is generally accepted for this group of patients. 10 The TESS is a self-administered questionnaire which deals with the dif culty experienced in performing an activity. The outcome score lies between 0 and 100 points, with 100 indicating a very good score. The TESS has proved to be a reliable and valid instrument which is able to detect change over time.
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Quality of life. The RAND 36-item Health Survey 1.0 (RAND-36) is a self-administered questionnaire which contains different subscales and generates a score from 0 to 100, with higher scores indicating better health. The internal consistency and reliability of all RAND-36 items are high. 11 In this validation study, the total physical compon- ent of the RAND-36 was used. The EuroQol classi cation system, a short and a simple ve-part questionnaire, was used to indicate the general health status. 12, 13 It provided a reliable and valid evaluation of the quality of life of cancer patients in a multicultural, clinical research setting.
14 Statistical analysis. The test-retest reliability of the monitor was assessed by calculating the intraclass correlation coef cient (ICC) in which a two-way mixed model (absolute agreement de nition) was used. In order to assess validity, Spearman's rho was used to calculate associations between the parameters of the activity monitor and measurements of physical activity (Baecke questionnaire), functional outcome (MSTS and TESS) and quality of life (RAND-36 physical functioning and EuroQol). The unpaired t-test or the Mann-Whitney U test were used when appropriate to detect any differences between the group of patients after limb-salvage surgery and those after amputation, as assessed by the activity monitor and for the other clinical instruments. The Mann-Whitney U test was also used to detect any difference between patients who were using a walking aid and those who were not.
Results Table II gives the scores for the clinical assessments (MSTS, TESS, Baecke, RAND-36 physical functioning and the EuroQol). No signi cant differences between the limb-salvage group and the amputation group were seen. The results of the measurements using the activity monitor are given in Table III . They are divided into two groups: 'time spent' refers to the percentage of time a given activity (walking, standing, sitting) was registered in each period of 24 hours, and 'movement intensity' to the intensity of movement during these activities. There were no signi cant differences between the groups. Figures 1 and 2 show examples of the output of two patients. Both went on to work full-time at desk jobs, one patient wearing a brace on the left femur (case 1). Table IV shows that the reliability of the activity monitor was fairly good, with the ICC varying between 0.65 and 0.91 over the function measured. Because of technical problems in one of the two assessments in three patients, the ICC could only be calculated from the results of 17. When calculating the ICC in the separate groups the reliability remained good except for the categories 'movement intensity during standing' in the amputation group and 'time spent walking' in the limb-salvage group, both probably because of the presence of an outlier within the relatively small groups. Table V gives the associations between the activity monitor and the clinical assessments. Signi cant correlations were seen between 'time spent walking' and the MSTS and Rand-36 scores. There was also a signi cant association between 'movement intensity during walking' and the MSTS score. 'Time spent walking' in the group of patients who did not use a walking aid was signi cantly greater than in those who did, therefore implying a negative association between 'time spent walking' and the use of a walking aid.
As regards the wearing of the continuous walking monitor, 11 patients reported no problems, eight had slight problems, and one experienced considerable dif culties. These varied but mainly consisted of slight irritation when performing certain movements.
Discussion
The main goal of our study was to assess the reliability and validity of the continuous ambulatory activity monitor when measuring total physical activity. Overall, reliability proved to be satisfactory, with the ICC varying between 0.65 and 0.91. Despite the relatively small numbers, there is suf cient association between the monitor and other clinical measurements of functional status to conclude that the validity of the monitor is satisfactory. Furthermore, the results correspond to those of previous studies in patients with low back pain, congenital heart disease and rheumatoid arthritis in which the usefulness of the monitor has been established. [3] [4] [5] It therefore shows considerable promise as a device for the objective measurement of the activities of daily living. The numbers of patients in the limb salvage and amputation groups were too small to detect any signi cant differences between them. In future studies, the groups could be divided into further categories. For example, the limbsalvage group could be divided into tumour prosthesis, allograft and allograft combined with prosthesis, and the time could be extended to assess the pattern of rehabilitation.
The sensitivity to change of the monitor remains to be established. Walker et al [15] [16] [17] [18] in their study concerning the validation of the monitor in patients with rheumatoid arthritis, found the sensitivity to change to be good. So far no other studies have been published and con rmation requires further research in this area.
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